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DESCRIPTION OF THE INVENTION 

[0007] Object of the present invention is the use of compounds of formula (I): 



A (CH2)p 




■[(CH2)nNHC0]m- 



■B (I) 



wherein: 



- the -0-C(R1 )(R2)-(CH2)p-A group can be in orto, meta or para position; 



- A is selected from -COOH, -CX)0-(Ci-C4)alkyl, -CN or a group of formula 




in which R' is hydrogen or (Ci-C4)alkyl: 

or the group A-{CH2)p-C(R1)(R2)- is selected from phenyl, benzyl or (indolyl)methyl, which may be subsituted by 



R1 and R2 are independently selected from hydrogen or (Ci-C8)alkyl or they torm, together with the carbon atom 
to which they are linked, a (Cs-CyjcycloalkyI group: 

R4 are from 0 to 2 substituents independently selected from chlorine, bromine, iodine, fluorine, linear or branched 
(Ci-C8)alkyl, hydroxy, (Ci-C4)alkoxy, (Ci-C4)acyl groups; or the group 



in formula (I) is a naphthyl group which may be on its turn substituted by R4 groups; 
n is an integer from 1 to 4; 

- m is 0 or 1 ; 

- B is selected from linear or branched C1-C10 alkyl. -C0-C(R3)=CH-R. -CH=C(R3)-C0-Ar. -C0-CH(R3)-CH2-R or 

- C0-CH(R3)-CH2-NR5R6 when m is 0 or is -CH=C(R3)-C0-Ar when m is 1 ; 

- R is selected from hydrogen, -Ar or -CO-Ar; 



R4 groups; 



- p is 0, 1 or 2; 




R4 



:(ll) Biniujoj JO seiBjpaiujaiu! eq) luoi* Buijjbis pajBctejd eq ubo dnaiB JV-00-(8y)0=HO- e 
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R4 




JO wherein R4 has the above meanings and B' is a linear or branched C1-C10 alkyi, -C0-C(R3)=CH-R or a -CH=C{R3)- 
CO-Ar group, by reaction with an acid ester of formula (III): 

Hal-C(R1)(R2)-(CH2)p-COO-(Ci-C4)alkyl (III) 

15 or with a nitrile of formula (III"): 

Hal-C(R1)(R2)-(CH2)p-CN (III") 

wherein R1, R2 and p have the above meanings and Hal is a chlorine, bromine or iodine atom, or with a group of for- 
20 mula (III"): 

Aryl-Hal (III") 

wherein hal is a chlorine, bromine or iodine atom, and aryl is selected from benzyl, (indolyl)methyl and phenyl activated 
25 by a group which can be easily removed after the reaction, such as a chrDmium(0)-tricarbonyl group. 

[0O14] The reaction of intemnediates of formula (II) with intermediates of formula (III) or (111") can be performed in a 
solvent, preferably an aprotic dipolar solvent such as dimethylformamide or dimethylsuKoxide, and in the presence of a 
base such as a carbonate of an alkaline or alkaline-earth metal. The reaction temperature preferably ranges from room 
temperature to lOCC. 

30 [0015] The product of the reaction of intermediates of formula (II) with intermediates of formula (III), which is already 
a compound of formula (I), can be converted in another compound of formula (I) with A = -COOH by hydrolysis of the 
ester group. Such a hydrolysis reaction may be preferably performed in the presence of a base, such as an alkaline or 
alkaline-earth caibonate or hydroxide in a solvent such as an alcohol. 

[0016] The product of the reaction of intermediates (II) with intermediates (III') is converted into a compound of for- 
35 mula (I) in which A is a tetrazole group as depicted above, by reaction with sodium azide in a solvent such as dimethyl- 
formamide, and optionally by alkylating the nitrogen atom in 1 or 2 position of the tetrazole ring by means of a suitable 
alkylating agent, such dimethylsulfate in the presence of a base. 

[001 7] Alternatively, the compounds of formula (I) in which A is a tetrazole group and B is a 

-CO-C(R3)=CH2, i.e. the compounds in which R is hydrogen, may be obtained from the compounds of formula (11*): 

40 



45 




SO wherein A is a tetrazole group as depicted above and R1 , R2, R3, R4 and p have the above meanings, by reaction with 
paraformaldheyde. By reaction of Formula 11' with paraformaldehyde and a hydrochloride salt of an amine of formula 
HNR5R6, in which R5 and R6 have the above meanings, in the conditions of the Mannich reaction, and successive 
treatment with a weak base such as an alkaline or alkaline-earth hydrogencarbonate the compounds of formula (I) in 
which 

55 B' = -CO-CH(R3)-CH2-NR5R6 as hydrochforide salts is obtained. 

[0018] The compounds of formula (II) in which B" is a group of formula -C0C(R3)=CH-R with R = Ar or R = -CO-Ar 
can be obtained from compounds of formula (IV): 



lusnbesqns Aq uoipbsj uoiieoijueise am azA|BiBO o} puB dnojB oujuiB eift /iiiBS o; juapmns junoiuB u\ rob ourmns 
JO eoussejd eift ui louBmeui eq Abiu suojiipuoo uoiiBoi.iijeiss &\qe\\ns eouejsiej Aq peiBJodJOOui uraieq Sj qomM 'gsz 
-911 '(Z661) 'S!S8L|WjAs uj psquosep poMieui sijl oi BujpjooDB psjBdejd ujni iBqi uo bjb leqi '(hOOO- S! .V MO!M« u!) 
spiOB Buipuodsejjoo em ^o suoinpuoo oippB u! uoiiBoiiuejse Xq pejBdejd aq ueo (a) Biniujoj p spunodujoo eqi [SZOO] 
ejojaq pepidep sejnpeoojd em Buimonq 'NO- = .V USM« "SPIZB UB mi* uoipeej Aq io 'lA>||B(^o- ^0)-000- = .V 
ueMM 'dnojB jeisa 3^\ p paiqiuB ojSBq u\ sjsApjpAq Aq (i) Hinuijq p spunoduioo jeqp m peyaAuoo aJB psuiBjqo os 
spunodiuoo 8L|l apiLUiipoqjBO |Ax6MO|oAo!p se ipns iueBe Bureuapuoo eiqBwns b jo eouesejd aq) u\ iO 'apuomo lAoB b jo 
apupAquB pexiiu b bw aidiuBxe joj •(ia) spunodiuoo p dnojB ojiAxoqjBO am BuftBAftOB Aq pauuopad Sj uoflOBaj b qons 
■ABM snoBoiBUB UB ui pajBdajd eq ubo a-^H0-(sa)H0-O0— ■'O a-H0=(sa)0-OO— S! S uiajaqM spunodmoQ [»Z00] 

(ia) HOOO-HO=(ea)o-oo--'v 

:(IA) Binujjqjp aiBjpauuep! ub m\i*. uo\} 
-OBai Aq 'HOOO- SP uoisnpjs iflWA v P sBupeaui aift ssq .v puB sBuiuBaoi enoqe eqi ^Ne^ m pue sy ' la 'u 'd MO!M« "! 




:(A) Biniujoj p spunod 

-LUGO am UJOJJ pauiBiqo eq ubo JV-00(sa)0=HO— s! a pue i. si ui ^o\^M. w (i) einuijoj p spunodiuoo ei|i [ezoO] 
e/wqE UMOMS sb Cm) jo (m) bihujjoj p saiBipeuijep! am mm uoi.pBaj juenb 

-esqns puB puoq eiqnop eqj p uopueBojp/q o!iA|B}bo Aq HH0=(eu)0-OO— S! .a qo!q« (ll) Binujjoj p spunoduJOO 

aift uioji pejBdejd eq ubo dnojB a-SH0-(Sa)H0-O0- b Sj a PUB o = lu l|0!1|« u\ (i) BinuiJO} p spunoduiOO aqi [zzool 
•aAoqB u«04S sb epizB lunipos iijuw AiaAjssaoons pue (.m) Binauoj p spunod 

-luoo qiiw uogoBej Aq (ai) B|nuJJOj p spunoduJOO em luojj pajBdsjd eq ubo (.n) Binuijoj p spunodiuoo em [izflOl 

spnpojd ispjaiu 

-xuoo uera ejB jo isiLuaqo pams eqi oi umou>| obm spomeiu o\ BuipjoooB pajedejd aq ubo ipmM spunoduioo u/wou>| 
eJB ea-^HO-OO-JV pub OHO-QO--^ QHO-JV I^IB °^0-^0 .a q*!« II 'Ul) *(AI) Binujjqj p spunodiuoo aiji [OZOOl 



(.Al) OHO 



:(.Al) BinuiJpj p apAqapiB ub m!« Sa-^HO-OO-JV B|nuiJpj p spunoduJOO uiojj paujBiqo 
aq UBO JV-00-(ey)0=HO - Bimujoj p dnojB b S| .a MO!M« ui (ll) BinujJOi p spunodmoo am 'A|sno6o|Buv [6 LOO] 
•xnipj ajniBjadujei ujooj ujojj BuiBubj sajniBjaduiaj vs puB lepui qtiBa-8U!|Bi||8 jo eu!|Bi||B ub p apixojpAq ub 
ipns asBq b p aouasajd am uj pus iubaios tjauj ub uj OHO-OO-^V JO OHO-JV Biniuoj p epAMapiB ub miM uojPBaj Aq 




(Al) €«- 



-0—00 



fry 



EP 0 947 511 A1 



treatment with a weak base the free amino group can be restored. 

[0026] The compounds of formula (VI) can be prepared according to the method described in Am. Soc, 70. 3359 
(1948), which is herein incorporated by reference. 

5 BIOLOGICAL ACTIVITY OF THE COMPOUNDS OF THE INVENTION 

[0027] The compounds of this invention interact with MDM2 protein, in particular human MDM2 protein, and inhibit 
the interaction of MDM2 with other proteins, in particular the interaction of MDM2 with p53. MDM2 has a variety of func- 
tions, the major one being to control p53 activity during cell cycle (reviewed by Piette et al. 1997, Oncogene 15, 1001 - 

10 1010). MDM2 proteins form a hydrophobic pocket in their amino-terminal domain, which accomodates a peptidic 
epitope present on the amino-terminus of p53 (Kussie et al. 1996, Science 274, 948-953). This interaction between the 
N-terminus of p53 and the N-terminal domain of MDM2 is the key prerequisite for MDM2 to exert its control over p53 
activity. Compounds binding to the hydrophobic pocket of the N-terminal domain of MDM2 therefore act as antagonists 
of the MDM2 mediated p53 inhibition and degradation. By this mechanism the levels of active p53 can be increased, 

15 which renders in particular tumor cells susceptible to p53 mediated induction of apoptosis and cell cycle arrest. Up to 
now only peptides and proteins have been available to demonstrate the feasibility of this mode of intervention (Bdttger 
et al. 1 997, J. Mol. Biol. 269, 744-756; B6ttger et al. 1 997, Current Biology 7, 860-869). The compounds of this invention 
now provide for the first time low molecular chemical entities able to interrupt the MDM2-p53 interaction. 
[0028] In addition, the compounds of this invention are able to inhibit nxlm2 from interacting with its N-terminal domain 

20 with other proteins having homologous interaction sites, such as E2F- 1 . The compounds of this invention are therefore 
able to exert antiproliferative or sensitizing effects on tumor cells, independent of the p53 status of the tumor cell (exam- 
ple 15). 

[0029] Furthermore, the compounds of this invention are particularly specific for interacting with MDM2. Within a 
mammalian cell, there exist several proteins with hydrophobic pockets able to accomodate compounds or hydrophobic 

25 residues. One example of such proteins is glutathione S-transferase (GST) (Reinemer et al. 1992, J. Mol. Biol. 227, 
214-226; Cameron et al. 1995, Structure 3. 717-727; McTigue et al. 1995. J. Mol. Biol. 246. 21-27). It has been 
obsen/ed within this invention, that certain compounds are able to interact both with MDM2 and GST An example of 
such a compound is ethacrynic acid, which has been described previously as an inhibitor of GST binding to a hydro- 
phobic pocket of this protein (Oakley et al. 1 997. Biochemistry 36, 576-585; Ploemen et al. 1 993, Xenobiotica 23, 91 3- 

30 923). Within this invention, an interaction of ethacrynic acid with MDM2 was surprisingly observed. This invention there- 
fore provides assays to analyse the differential binding activity of compounds to MDM2 and GST, respectively This 
invention further provides the technology to identify compounds with high binding affinity for mdm2 and low or preferably 
absent binding affinity for GST Compounds with high inhibitory activity of the MDM2-p53 interaction and comparatively 
low or absent GST inhibitory activity are particularly preferred compounds for induction of a therapeutic anti-tumor 

35 effect based on inhibition of mdm2, because many tumors give rise during a cycle of chemotherapy to resistant tumor 
cell populations, which in many instances have upregulated the enzyme GST (Chen and Waxman 1994, Biochem. 
Pharmacol. 47, 1079-1087; Pickett and Lu 1989, Annu.Rev.Biochem. 58, 743-764). Interaction of a compound both with 
mdm2 and GST thereby will lead to a depletion of compound available for mdm2 inhibition due to competition. A com- 
pound of this type is for Instance LSM831 77 (compound of Example 12), which has been found within this invention to 

40 be a potent sensitizing agent for tumor cells independent of their GST status (example 15). The chemical structure of 
LSM 83177 is: 




[0030] In addition, low or absent GST inhibitory activity is a desired property of a therapeutically useful mdm2 antag- 
55 onist, because toxic side effects such as diuresis, hyperglycemia and hypercalcemia can be associated with inhibition 
of GST (O'Dwyer et al. 1991. Cancer Res. 51. 6059-6065; Oakley et al. 1997, Biochemistry 36, 576-585). 
[0031 ] The following examples 12-15 illustrate how the biological activity of the compounds of the present invention 
may be determined. 
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Preparation 2 - 3\4--dichloro-4-hvdroxvchalcone 

[0041 ] A solution of 4-hydroxybenzaldheyde (1 .22 g) in 20 ml of ethand is added at room temperature with 0.63 g of 
lithium hydroxide monohydrate and 1.89 g of 3.4-dichloroacetophenone, then it is refluxed for 6 hours (after 4 hours a 

5 deep red solid separates) and at room temperature overnight. The solid is filtered off and the mother liquors are con- 
centrated to dryness, then the residue is dissolved in a mixture of ethyl acetate and 1 N hydrochloric acid. The organic 
phase is separated, washed with brine, dried over sodium sulfate and concentrated to dryness. The residue (1.4 g) is 
redissolved in 30 ml of water, ethyl acetate and 1 N hydrochloric acid until acidic pH. After 30 minutes under stirring the 
organic phase is separated, washed twice with brine, dried over sodium sulfate and concentrated to dryness. The res- 

10 idue is crystallized from ethyl acetate (30 ml) under reflux, to give 0.946 g of the product as a yellow solid, m.p. 198- 
199°C. 

^H-NMR in d6-DMSO: 6.85 ppm (d, 2H): 7.7-7.9 ppm (m, 5H); 8.1 ppm (dd, 1H); 8.4 ppm (d, 1H); 10.15 ppm (s, 
1H). 

75 

Preparation 3 - 3.4-dichloro-4'-hvdroxychalcone 

[0042] A solution of 4-hydroxyacetophenone (5.45 g) in 60 ml of ethanol is added with 3.36 g of lithium hydroxide 
monohydrate and 7 g of 3,4-dichlorobenzaldhe^e. then it is refluxed for 2 hours. Further 3 g of 3,4-dichlorobenzald- 

20 heyde are added and the reaction mixture is refluxed for additional 2 hours and at room temperature overnight. The 
solid which separates is recovered by diltration and redissolved into 50 ml of water and 50 ml of 1 N hydrochloric add. 
A yellow solid separates, which is allowed to stir for 1 hour, then it is collected by filtration and dried under vacuum at 
40°C for several hours, to give 7.3 g of the product, which is crystallized from a mixture of ethyl acetate (90 ml) and iso- 
propanol (5 ml). 1.3 g of the product are obtained. Further 2.4 g are recovered by purification by silica gel chromatog- 

2S raphy of the mother liquors concentrated to dryness, m.p. 1 90- 1 92°C. 

1 H-NMR in d6-DMS0: 6.9 ppm (d, 2H): 7.65 ppm (d. 1 H); 7.7 ppm (d, 1 H): 7.8 ppm (m, 1 H); 8.05 ppm (d. 1 H); 8.1 
ppm (d. 2H); 8.3 ppm (s. 1 H); 10.4 ppm (s, 1 H). 

30 Preparation 4 ■ 3.4-dichloro-4 -hvdroxv-dihvdrochalcone 

[0043] A solution of 0.6 g of 3,4-dichloro-4'-hydroxychaIcone in 10 ml of ethanol and 3 ml of dioxane is added with 
0.14 g of 10% palladium on charcoal, then it is hydrogenated for 1 hour 15 minutes. The catalyst is filtered off through 
a celite plug and the reaction mixture is concentrated to dryness. The residue gives after crystallization from diethyl 
35 ether 0.124 g of the product, m.p. 128-130''C. Further 0.221 g of the product are obtained by purification by silica gel 
chromatography (eluant petroleum ether/ethyl acetate 8 : 2) of the mother liquors concentrated to dryness. 

^H-NMR in d6-DMS0: 2.9 ppm (t, 2H); 3.3 ppm (t, 2H); 6.8 ppm (d, 2H); 7.25 ppm (d, 1H); 7.5-7.6 ppm (m, 2H); 
7.9 ppm (d, 2H): 10.3 ppm (s, 1H). 

40 

Preparation 5 - 2.3-dichloro-4-butvrovlPhenol 

[0044] 144 g of 2,3-dichloroanisole are dissolved in 288 ml of carbon disulphide and added with 92.3 g of butyroyl 
chloride. Under stirring and cooling with ice, 1 15 g of alluminium trichloride are added portionwise, keeping the temper- 
as ature below 25''C. The reaction mixture is allowed to stand at room temperature for 1 hour, then it is heated at 45''C for 
45 minutes. After adding 280 ml of n-heptane and further 1 15 g of alluminium trichloride, the reaction mixture is allowed 
to react overnight, then the carbon disulphide is distilled off and further 200 ml of n-heptane are dropped. A solid sep- 
arates which is heated under stirring at 80-90°C for 3 hours and at room temperature overnight. The solid is collected 
by filtration, then it is treated with 86 ml of concentrated hydrochloric add and 1 1 of water. The mixture is extracted three 
50 times with diethyl ether and the organic extracts are pooled and washed with water and with 750 ml of 5% sodium 
hydroxide. The extracts are then treated with concentrated hydrochloric acid and the oil which separates is allowed to 
crystallize under cooling. 1 14.7 g of the product are obtained. 

Preparation 6 - f2.3-dichloro-4-butvrovlphenoxv)acetonitrile 

55 

[0045] 45 g of 2,3-dichloro-4-butyroylphenol are mixed with 26.7 g of potassium carbonate and 16 g of chloroace- 
tonitrile in 190 ml of dimethylsulphoxide and the mixture is heated under stirring at SS-C for 2 hours 30 minutes. The 
reaction mixture is then quenched with 490 g of ice. An oil separates which is extracted four times with diethyl ether, 
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the organic phase is separated, washed with ethyl acetate, dried over sodium sulfate and concentrated to dryness, to 
give 0.737 of the product as a yellow solid. 

^H-NMR in d6-DMS0: 1 .2 ppm (t. 3H); 4.2 ppm (q. 2H); 4.9 ppm (s, 2H): 7.0 ppm (d. 2H); 7.7-8.0 ppm (m, 5H); 
5 8.15 ppm (dd, 1H); 8.4 ppm (d, 1H). 

Example 4 - 3'.4'-dichloro-4-(carboxvmethoxy)chalcone 

[0051] A suspension of 0.38 g of 3',4'-dichloro-4-(ethoxycarbonylmethoxy)chalcone in 4 ml of ethanol and 4 ml of 
10 water is added with 0.212 g of sodium carbonate and it is refluxed for 3 hours 30 minutes. The reaction mixture is 
allowed to cool to room temperature and the solid which separates is collected by filtration , then it is partitioned 
between water, added with 1 N hydrochloric acid until acidic pH, and ethyl acetate. The organic phase is separated, 
washed with brine, dried over sodium sulfate and concentrated to dryness. The residue is crystallized from ethyl acetate 
(10 ml) to give 0.158 g of the product, m.p 203-206°C. 

15 

"IH-NMR in d6-DMSO: 4.8 ppm (s, 2H); 7.0 ppm (d, 2H); 7.7-8.0 ppm (m, 5H); 8.1 ppm (dd, 1H); 8.4 ppm (d, 1 H); 
13.1 ppm(s. 1H). 

Example 5 - 3.4-dichloro-4'-fethoxvcarbonvlmethoxv>dihvdrochalcone 

£0 

[0052] A solution of 3,4-dichloro-4'-dihydroxychalcone (0.221 g) in 3.5 ml of anhydrous dimethylfbrmamide is added 
with 0.1 25 ml of ethyl bromoacetate and with 0.26 g of potassium carbonate, then it is heated at 60'C for 1 hour 45 min- 
utes. The reaction mixture is allowed to cool to room temperature and it is diluted with 20 ml of water and 20 ml of ethyl 
acetate. The mixture is acidified with 1 N hydrochloric acid to pH 3-4, then the organic phase is separated, washed with 
25 brine, dried over sodium sulfate and concentrated to dryness. 0.268 g of the product are obtained as a yellowish oil. 

^H-NMR in CDCI3: 1 .3 ppm (t. 3H): 3.0 ppm (t, 2H): 3.2 ppm (t, 2H): 4.25 ppm (q, 2H): 4.6 ppm (s, 2H): 6.9 ppm (d, 
2H); 7.05 ppm (dd. IH); 73 ppm (m, 2H): 7.9 ppm (d, 2H). 

30 Example 6 - 3.4 -dichloro-4'-teari30xvmethQxvVdihvdrochalcone 

[0053] A solution of 0.268 g of 3,4-dichloro-4*-(ethoxycarbonylmethoxy)dihydrochalcone in 3 ml of ethanol is added 
with 3 ml of water, then with 0.15 g of sodium carbonate and it is heated at 70''C for 2 hours. The reaction mixture is 
concentrated to dryness, then it is added with 4 ml of water and 2 ml of 1 N hydrochloric acid, until pH 2-3. After 30 min- 
35 utes under stirring, the solid is recovered by filtration, washed with water on the filter and dried under vacuum at 50°C 
overnight. 0.196 g of the product are obtained as a white powder, m.p, 148-1 50''C. 

^H-NMR in d6-DMS0: 2.9 ppm (t, 2H); 3.3 ppm (t, 2H); 4.7 ppm (s, 2H); 7.0 ppm (d. 2H); 7.25 ppm (dd, IH); 7.6 
ppm (m, 2H); 7.9 ppm (d, 2H); 13.1 ppm (s, IH). 

40 

Example 7 - 5-r((2.3-dichloro-4-(2'-methvlenebutvroyl))phenoxv)methyf|tetra20le 

[0054] 39.2 g of 5-[((2,3-dichloro-4-butyroyl)phenoxy)methyl]tetrazole, 4.33 g of paraformaldheyde and 11.2 g of 
dimethylamine hydrochloride in 1 ml of acetic acid are heated at SO-gO'C for 2 hours. After cooling to room temperature, 

45 the reaction mixture is partitioned between water and diethyl ether. The aqueous solution is treated with sodium hydro- 
gencarbonate and the solid which separates is collected by filtration. The solid (22 g) are treated with 220 ml of water 
and 220 ml of 2 N sodium hydroxide and the mixture is heated until complete dissolution and for one additional hour. 
The aqueous phase is acidif ied and extracted with diethyl ether. The organic extracts are pooled, dried over magnesium 
svXfaXe and concentrated to dryness. The residue (7.66 g) is crystallized from 70 ml of benzene. 5.3 g of the product are 

so obtained. 

Elem. Anal. (%calcd/found): C 47.72/47.01 ; H 3.70/3.52; N 1713/16.78; CI 21.67/21.43. 
Example 8 - 5-f(f2.3-dichloro-4-(2'-m ethylenebutvrovmDhenoxv^methvn-1-methvltetrazole 

55 

[0055] 9.5 g of 5-[((2,3-dichloro-4-butyroyl)phenoxy)methyq-1 -methyltetrazole, 1 .01 g of paraformaldheyde and 2.53 
g of dimethylamine hydrochloride in 5 drops of acetic acid are heated at 80-90°C for 2 hours. The mixture is concen- 
trated to dryness and it is poured into 100 ml of water. 200 ml of a sodium hydrogencarbonate solution are added and 
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approach, and ed., IRL Press, 57-99), typically yielding a MDM2 preparation of > 80% purity suitable for Interaction 
analysis of compounds. Further purification is performed by standard chromatographic procedures (hydrophobic inter- 
action chromatography). The longer MDiy/12 fragment 1 - 213aa was obtained and purified in analogy to the described 
protocol. 

5 

EXAMPLE 14 

[0061 ] BIAcore analysis of the Interaction between MDM2 and p53 : To quantify the effect of selected compounds on 
the p53 binding properties of MDM2 protein biosensor measurements using BIACORE 2000 are performed. BIACORE 

10 2000 Is a biosensor system delivered from BIACORE AB. The technology of this biosensor Is based on the optical phe- 
nomenon of surface plasmon resonance (SRP), which detects changes in refractive index of the solution close to the 
surface of the sensor chip. The retractive index is directly correlated to the mass concentration In the layer and 
Increases when analyte binds to a surface Immobilized ligand. Experiments are performed under continuous flow con- 
ditions. The SPR response expressed In resonance units (RU) Is recorded continuously versus time resulting in a sen- 

75 sorgram. When one interaction is completed, the surface can be regenerated using solutions which remove bound 
analyte without affecting the activity of the bound ligand. A N-terminally biotinylated peptide (5n-M In PBST buffer) cor- 
responding to amino acids 19 to 32 of wild type human p53 obtained from Genosys Biotechnologies (Cambridge) was 
captured at a flow rate of 5fil/min for 6 minutes on a SA-sensor chip (sensor chip pre-lmmobillzed with streptavidin, 
BIACORE AB). 40 jJil of mdm2 1-213(1 OOnM in PBST) were mixed with 40 jil of the sample (40nM in PBST with 2 % 

20 DMSO). After 15 minutes incubation at lO'C. 30 jii of the mixture were Injected on the sensor chip with a flow rate of 
lOfil/min. After additional 4 minutes rinsing the surfece with PBST buffer, a signal was recorded.By comparing the sig- 
nals of the samples with those of buffer, the inhibitory effects of the sanrples could be evaluated. The sensor surface 
was regenerated by rinsing with lOOmM HCI and 1 0OmM H3PO4. Figure 1 shows the inhibitory effects of selected com- 
pounds on the interaction of mdm2 with the p53 derived peptide as relative units. 

25 

EXAMPLE 15 

[0062] Spectrophotometric GST activity analysis : Human cell lines such as human colon carcinoma cell line HT29 are 
grown as monolayers at ZTC, in 5% CO2, in DMEM supplemented with antibiotics and 10% fetal calf serum and are 
30 passaged twice a week. GST activity in the cytosol is determined according to Habig et al. (Habig, W.H., Pabst, M.J. & 
Jakoby, W.B., J. Biol. Chem. 249, 7130-7139, 1974) using 1 -chloro-2,4-dinitrobenzene (CDNB) and Glutathione. GST 
catalyzes the conjugation of CDNB with glutathione and results in a CDNB-glutathione product with a strong molar 
absorption at 340 nm. The change of absorption is monitored for 5 min. 

[0063] 1x10® cells are collected and washed once with ice-cold phosphate-buffered saline at 1 000 rpm for 10 min at 
35 4''C. Cell pellets are resuspended in 200 ixl ice-cold phosphate-buffered saline, and are sonicated for 2 min on ice. The 
sonicate is then centrifuged at 1 1750 g, 4''C for 15 min in an Eppendorf Centrifuge, and the supernatant is assayed for 
GST activity. The inherent inhibitory effect of Ethacrynic Acid (EA) and selected MDM2 antagonists on the catalytic 
activity of HT29 cytosolic GST activity is examined by addition of the drugs directly to cell extracts immediately before 
addition of glutathione. 

40 [0064] Table 1 shows the inhibitory effect of EA and LSM 83 177 on GST activity in extracts from HT29 cells. 
EXAMPLE 16 

[0065] Biologic assay for radiosensitizinq activity of MDM2 antagonistic compounds: Human tumor cell lines contain- 
4s ing wild-type p53 and low levels of GST, such as MCF7 (breast carcinoma) or mutant p53 and a high GST content, such 
as MCF7 ADR (adriamycin-resistant breast carcinoma) are cultivated in RPMI medium, supplemented with 10% fetal 
calf serum to a semi-confluent state. 

[0066] In order to determine the radiosensitizing activity of selected compounds on these cells a minimal toxic dose 
was determined as 2Gy with a ''^'^Cesium source at room temperature. Following irradiation of monolayer cells in expo- 
se nential growth phase with 2 Gy, cells were incubated with various concentrations of the selected compounds for 2-6 h. 
Cells were trypsinized and seeded in appropriate dilutions into 6 well plates. Sun/iving cells were trypsinized after 12- 
13 days and cell number was determined by staining with trypane blue for living/dead cells. The protocol was estab- 
lished according to Khil et al., 1996, Int. J. Rad. Oncol. Biol. Phys. 34. 375-380. Table 2 shows the differential radiosen- 
sitizing activity obtained with selected compounds on MCF-7 cell lines with low and high GST content. 
55 [0067] In MCF-7 cells a radiosensitization of both compounds, ethacrynic acid and LSM 83 177, can be obsen/ed: 
the enhancement of irradiation by the drug is of a factor 1 .5, when the drug is inciiaated for 2 hours onto the cells and 
of a factor 2, when incubated for 6 fiours. 

[0068] Radiosensitizing activity independent of the GST content of the target cell can be observed only with MDM2- 
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Claims 

1 . Use of compounds of formula (I) : 




wherein: 

- the -0-C(R1)(R2)-(CH2)p-A group can be in orto, meta or para position; 

- A is selected from -COOH, -COO-(Ci -C4)alkyl, -CN or a group of formula 



in which R' is hydrogen or (Ci-C4)alkyl; 

or the group A-(CH2)p-C(R1)(R2)- is selected from phenyl, benzyl or (indolyl)methyl. which may be subsituted 
by R4 groups; 



R1 and R2 are independently selected from hydrogen or (Ci-C8)alkyl or they form, together with the carbon 
atom to which they are linked, a (C3-C7)cycloalkyl group; 

R4 are fi-om 0 to 2 substituents independently selected from chlorine, bromine, iodine, fluorine, linear or 
branched (Ci-C8)alkyl, hydroxy, (Ci-C4)alkoxy, (Ci-C4}acyl groups; or the group 



in formula (I) is a naphtyl group which may be on its turn substituted by R4 groups; 

- n is an integer from 1 to 4; 
m is 0 or 1 ; 

- B is selected from linear or branched Ci-Cio alkyl. -C0-C(R3)=CH-R, - CH=C(R3)-CO-Ar. -CO-CH(R3)-CH2- 
Ror 

- CO-CH(R3)-CH2-NR5R6 when m is 0 or is -CH=C(R3)-C0-Ar when m is 1 ; 

- R is selected from hydrogen, -Ar or -CO-Ar; 




- p is 0, 1 or 2; 




R4 
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in formula (I) is a naplityl group whicli may be on its turn substituted by R4 groups; 



n is an integer from 1 to 4; 

5 - m is 0 or 1 ; 

- B is selected from linear or branched C1-C10 alkyi, -C0-C(R3)=CH-R, - CH=C(R3)-C0-Ar, -CO-CH(R3)-CH2- 
Ror 

10 - CO-CH(R3)-CH2-NR5R6whenmls0oris-CH=C(R3)-CO-Arwhenmis1; 

- R is selected from hydrogen, -Ar or -CO-Ar: 

R3 is hydrogen or a (Ci -C8)alkyl group; 

IS 

- R5 and R6 are independently a (C^ -C4)alkyl group or they form, together with the nitrogen atom to which they 
are linked, apiperidino, piperazino, (CrCsjalkylpiperazino, morpholino or thiomorpholino group; 

- Ar is a phenyl group which can be unsubstituted or substituted with from 1 to 3 groups independently selected 
20 from chlorine, bromine, iodine, fluorine, linear or branched (Ci-C8)allvl, hydroxy. (Ci-C4)alkoxy. (Ci-C4)acyl 

groups, stereoisomers thereof or salts thereof with pharmaceutical acceptable acids or basis, with the proviso 
that, when m is 0 and A is a -COOH or -C00-(Ci-C4)alkyl group, B can only be a group of formula -CO- 
CH(R3)-CH2-NR5R6. 

25 5. Compounds according to claim 4, in which the -0-C(R1 )(R2)-(CH2)p-A group is in para position. 

6. Compounds according to daim 5. in which R4 is from 1 to 2 chlorine atoms or those in which Ar is a phenyl substi- 
tuted with from 1 to 2 chlorine atoms. 

30 7. Compounds according to claim 6, in which m is 0. R is hydrogen and A is a tetrazole group. 

8. Compounds of formula: 
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